Abstract The aim of this research was to study the physiological and biochemical responses of pelargonium growing in saline substrate. Salt stress caused an increase of sodium and chlorine, and decrease potassium ions concentrations in pelargonium leaves depending on their level in peat substrate. About 4-16-fold increase of sodium, 4-6-fold increase of chlorine were found in leaves of plants growing in substrate treated with the lowest (452 mg dm -3 ) and highest (2992 mg dm -3 ) NaCl doses, respectively. The concentration of potassium ions decreased by 20 to 27 % in leaves of plants growing in substrate supplemented with NaCl doses from 1976 to 2992 mg dm -3 , respectively. However, lower doses of sodium chloride did not affect the content of potassium ions in pelargonium leaves. The increasing salinity of substrate after the addition of 960-2992 mg NaCl dm -3 caused the reduction of plant fresh matter in the range of 25-65 %, plant height 10-37 %, and leaf area 15-55 %. There were no changes in relative water content (RWC) and no signs of damage in the form of necrotic spots for any of the used salt concentrations. The content of chlorophyll pigments decreased proportionally to salt concentration, but the content of carotenoids did not change. Maximum photochemical activity of PSII (F v /F m ) was reduced only in plants growing at the highest dose of NaCl. Proline and anthocyanin levels increased in response to elevated NaCl concentration. At the highest dose of NaCl proline level increased by 30 % while the content of anthocyanins increased about 2.5-fold in relation to the control. It can be assumed that proline and anthocyanins accumulated in pelargonium leaves may be responsible for the amelioration of the adverse effects of salt stress. The results revealed that the investigated pelargonium 'Survivor Dark Red' is somewhat tolerant to salinity and it can be cultivated in substrate and soil polluted with NaCl at the level lower than 1976 mg dm -3 .
Introduction
The term salinity implies high salt concentrations in soil or water. Salinity is a major environmental stress factor which limits plant growth and development, and its adverse effect is becoming a serious problem for more and more croplands as well as urban green belts (Türkan and Demiral 2009) . In urban areas, the main cause of soil salinity is an excess of NaCl used to control black ice on roads and sidewalks which negatively affects the growth and appearance of many species of ornamental plants growing in green belts (Devecchi and Remotti 2004; Cunningham et al. 2008) . Moreover, large amounts of salt may often be present in compost made from bio-waste which is used in the production of potting substrate for horticulture (Weinhold and Scharpf 1997) . Thus, salinity is also a problem occurring in production and cultivation of ornamental plants used in landscaping. Salt-affected soil is becoming a serious problem in landscaping also because the shortage of high-quality water requires the re-use of wastewater for irrigation of green areas in the urban environment (Cassaniti et al. 2012) . The genotypes of ornamental plants used in landscaping greatly differ in their susceptibility to salt stress (Villarino and Mattson 2011; Cassaniti et al. 2012) . Some authors consider that pelargonium is characterized by high salt susceptibility (Kotuby-Amacher et al. 2000) , but others classify this species as moderately salt susceptible (Miyamoto 2008) .
High concentration of salt in the soil causes a decrease of soil water potential and osmotic stress which enable water uptake by plants (Cassaniti et al. 2012; Roy et al. 2014) . The result of these disturbances in water management is a loss of turgor, inhibition of cell elongation, stomatal closure and a decrease in the intensity of photosynthesis (Munns and Tester 2008; Cassaniti et al. 2012) . Moreover, salinity causes ionic stress that occurs due to the uptake and accumulation of ions (Na ? and Cl -) in plant tissue, which has a deleterious effect on cell metabolism, enzymes activity and DNA (Mahajan and Tuteja 2005) . Large amounts of ions that can be accumulated in chloroplasts may affect the degradation of chloroplast pigments and cause destabilization of protein complexes reducing the photosynthetic rate (Nandy et al. 2007; Jaleel et al. 2008; Tavakkoli et al. 2010) . The disturbance of photosynthesis results in enhanced production of reactive oxygen species which cause oxidative stress and cell injury (Munns and Tester 2008; Carillo et al. 2011) . A secondary effect of salt stress may be the disturbance in mineral nutrient uptake, leading to nutrient starvation (Munns and Tester 2008; Carillo et al. 2011) . All these disorders result in the reduction of growth rate and limit plant development (Munns and Tester 2008; Moradi and Ismail 2007; Dkhil and Denden 2012) .
Plants use various strategies to overcome the adverse effects of osmotic and ionic stresses caused by salinity (Munns and Tester 2008; Iqbal et al. 2014) . The accumulation of protective compatible compounds such as proline has great significance in plant resistance to salinity (Ashraf and Harris 2004; Ashraf and Foolad 2007; Türkan and Demiral 2009; Surekha et al. 2014) . In addition to its function as an osmolyte for intracellular osmotic adjustment, proline plays another crucial role because it acts as an enzyme protectant, free radical scavenger, cell redox balancer as well the stabilizer of subcellular structure (Ashraf and Foolad 2007; Hayat et al. 2012) . There is also some evidence that salt stress induces accumulation of anthocyanins (Eryilmaz 2006; Dkhil and Denden 2012) . This large group of water soluble pigments may play an important role in stress protection through minimizing oxidative damages (Wahid and Ghazanfar 2006) . Moreover, the accumulation of these compounds in vacuoles may reduce leaf water potential, which prevents the loss of turgor (Hughes et al. 2010) .
The scientific literature contains an extensive body of data concerning plant responses to high NaCl concentration in the root environment. Many previous experiments focused often on seedlings cultivated in water or sand cultures. Moreover, the dose of salt used in the experiments usually differs significantly from reality. Considerably fewer studies have been conducted on the effects of salinity on ornamental plants growing in saline soil or substrate, in the field or greenhouse conditions that are very close to the conditions of the production process. In view of the above, 2-year greenhouse experiments were carried out in order to assess the effect of increased concentration of NaCl in peat substrate on physiological and biochemical responses of pelargonium. The application rates of sodium were determined on the basis of earlier studies conducted in the city of Poznań (Poland). Depending on the traffic intensity and distance from the road pavement, urban soils contained 11-1010 mg Na dm -3 (Wilkaniec et al. 2012; Breś et al. 2014) . So, the effect of low and high as well as intermediate salinity level, typical for urban soils, was tested. The effect of long-term salt stress on water content, Na ? , Cl -and K ? ions concentration in leaves as well as on growth parameters, activity of photosynthetic apparatus and chloroplast pigment concentration has been assessed. The accumulation of anthocyanins and proline in leaves, as compounds that play an important role in mitigating salinity stress, was also evaluated.
Materials and methods

Plant cultivation and treatment
The experiments were conducted from 27 April 2012 to 14 July 2012 and from 26 April 2013 to 18 July 2013 in a greenhouse. Peat substrate at pH adjusted to 6.0 was used for plant cultivation. After liming the macro-and microcomponents the substrate was supplemented, providing the following final levels (mg dm ) were sufficient these components were not supplemented. Three rooted cuttings of Pelargonium 9 hortorum L.H. Bailey 'Survivor Dark Red' were planted into containers filled with 7 dm 3 of peat substrate to which different doses of NaCl were added. The following six doses of salt were used (mg dm -3 of substrate): 452, 960, 1468, 1976, 2484, 2992 . Container with substrate to which no salt was added contained natural sodium (22 mg dm -3 ) and chloride (13 mg dm -3 ) constituted control combination. After applying NaCl the substrates contained 22 (control), 200, 400, 600, 800, 1000, 1200 mg Na and 13 (control), 287, 595, 903, 1211, 1519, 1827 Table 1 ). Therefore, the content of Na ? and Cl -in the water did not affect the course of the experiment.
Measurements of growth parameters
Plant material for all analyzes was harvested from control and NaCl treated plants at the stage of full flowering (middle of July). Randomly chosen 20 plants from each treatment were used for the measurement of plant height and fresh mass of the aboveground part as well as the area of leaf blade. Leaf area was determined with the use of scanner and the SKWER software. For this purpose first leaf located above the second inflorescence was collected from 20 plants. The results are a mean from all measurements.
Measurements of Na
1 and K 1 and Cl 2 ions
Mineral content was determined in dried leaves. Fully mature leaves derived from nine randomly chosen plants were pre-dried at a temperature of 105°C for 48 h and grounded in a mixer. Na ? and K ? concentration by flame emission spectrophotometry was determined in plant material mineralized with a mixture of H 2 SO 4 and H 2 O 2 (2:1). For chlorine determination plant material was mineralized at a temperature of 500°C. Next the residue was dissolved in hot deionized water and after sedimentation the content of Cl -was determined in clear solution by the nephelometric method (Karla 1998) . All analyses were carried out in three biological replicates. Each replicate derived from separate sample of plant material. Results of measurements are expressed as a percentage of dry matter (%DM).
Measurements of physiological and biochemical parameters
Fully mature leaves (at similar developmental stage) taken from randomly chosen five plants were used for the estimation of water content as well as proline, chloroplast pigment and anthocyanin content. Tissue water content was estimated immediately after harvest. Plant material for estimation of other parameters was frozen in liquid nitrogen and stored at -20°C until analyses. The analyses were carried out using five independent biological replicates. Each replicate derived from different samples of plant material.
Water content in leaves
Water content in leaves was estimated by measuring relative water content (RWC) according to the standard method developed by Weatherly (1950) , and it was calculated using the following formula:
RWC ¼ fresh matter À dry matter fresh matter at full turgor À dry matter Â 100:
Proline
Proline content was measured according to Bates et al. (1973) . Plant material (500 mg FW) was homogenized with 4 cm 3 of 5 % TCA. The homogenate was centrifuged at 5000g for 15 min. Supernatant was used for proline determination by measuring the quantity of the colored reaction product of proline with ninhydric acid. Absorbance was read at 520 nm. The amount of proline in the sample was calculated from a standard curve and expressed in milligrams per gram of fresh matter (mg g -1 FM). Table 1 Quality of water used for plant watering Chloroplast pigments Total chlorophyll and carotenoids content was estimated according to the method of Hiscox and Israelstam (1979) . Leaf samples (100 mg) were cut into pieces and pigments were extracted at 65°C using 5 cm 3 of dimethyl sulfoxide (DMSO). Optical density of extract was measured at 480, 649 and 663 nm. The content of total chlorophyll and carotenoids was calculated following the modified Arnon equations (Wellburn 1994) and was expressed in milligrams per gram of fresh matter (mg g -1 FM).
Anthocyanin pigments
Content of anthocyanins was determined calorimetrically according to Wang et al. (2000) . Plant material (500 mg) was homogenized with 3 cm 3 of 0.5 N HCl, and centrifuged at 6000g for 10 min. Absorbance of the supernatant was measured at 530 nm. Anthocyanin content in leaf tissue was calculated using a calibration curve of cyanine chloride and was expressed in micrograms per gram of fresh matter (lg g -1 FM).
Chlorophyll fluorescence
Chlorophyll fluorescence parameters were measured to estimate the activity of the photosynthetic apparatus. The estimation was made on the fully expanded second or third leaf according to Maxwell and Johnson (2000) by means of a modulated fluorometer (Fluorometr OS1-FL, Optiscience). All measurements were made before noon after half an hour of plants adaptation to darkness and were performed in 24 replicates (2 leaves per plant from 12 randomly chosen plants per treatment). The dark adapter parameters were used to determine the maximum quantum yield of 
Statistical treatment
The results presented in figures and tables are the means from 2 years. All of the data were analyzed using STATISTICA 10 (StatSoft, Tulsa, OK, USA). Duncan's test was used to determine significant differences between the means. The level of significance was set at a = 0.05.
Results
It has been found that applied salt stress did not cause changes in water status of pelargonium leaves which shows that plants did not suffer from water deficit stress (Fig. 1) . In contrast, the concentration of potassium, sodium and chlorine ions in leaves changed significantly with the increase of NaCl concentration in peat substrate, but in different pattern (Table 2) . Salinity stress triggered statistically significant decrease of potassium ions concentration in leaves of pelargonium grown in substrate supplemented with three highest NaCl doses (1976, 2484 and 2992 mg dm -3 ). In relation to control combination the concentration of potassium ions decreased by about 20 and by about 27 % in leaves of plants grown in substrate supplemented with 1976-2484 mg of NaCl and 2992 mg of NaCl, respectively.
On the contrary, the concentration of sodium and chlorine ions in pelargonium leaves was higher as the salinity in growing medium increased (Table 2) . Sodium concentration in the leaves of control plants was at the level of 0.08 % and was lower than the chlorine concentration (0.32 %). The concentration of both ions in leaves of pelargonium growing in peat substrate supplemented with the lowest NaCl dose (452 mg of per 1 dm 3 ) increased about 3.8-fold. The progressive increase of NaCl concentration in peat substrate resulted in a further gradual increase of both ions concentration in pelargonium leaves. However, the concentration of sodium ions raised to a greater extent than chlorine ions. In leaves of pelargonium grown in substrate supplemented with the highest NaCl dose (2992 mg of per 1 dm 3 ) the concentration of sodium increased about 16-fold but chlorine only about 6-fold. It is also worth noting that even though significant accumulation of these toxic ions there were no signs of damages in the form of necrotic spots for any of the used salt concentrations. As result of the decrease of potassium ions concentration and increase of sodium ions concentration in leaves the decrease of K/Na ratio was observed with the growth of substrate salinity ( Table 2) .
The obtained results demonstrate that the increase of NaCl concentration in peat substrate had a negative effect on growth parameters (Fig. 2) . After 2-3 weeks of growth in saline substrate plants clearly differed in size in comparison to those growing in non-saline substrate. At the end of the experiment a substantial reduction in fresh matter, height of plants and leaf area was found in pelargonium grown in substrate treated with doses of NaCl ranging from 960 to 2992 mg dm -3 . These increasing NaCl doses caused progressive decrease of all growth parameters-the reduction of plant fresh matter ranged between 25 and 65 %, the height of the plants was reduced by 10-37 % and leaf area by 15-56 % in relation to the control. The highest growth inhibition was observed in plants having the lowest K ? and highest Na ? and Cl -ions concentration in leaves (Table 2; Fig. 2 ). As presented in Fig. 3 potassium ions concentration in leaves was positively correlated with fresh matter accumulation and leaf area. Whereas, sodium and chlorine ions concentration was negatively correlated with these growth parameters.
Salinity stress affected differently the content of chloroplast pigments in pelargonium leaves (Fig. 4) . A significant decrease in the content of chlorophyll a ? b was observed in leaves of plants growing in peat substrate supplemented with doses of NaCl ranging from 960 to 2992 mg dm -3 . The level of chlorophyll pigments in leaves of these plants was lower by 15-22 % compared to the control. Otherwise, the applied NaCl doses did not cause changes in the content of carotenoids in pelargonium leaves.
Changes in free proline and anthocyanins content in leaves of pelargonium growing in peat substrate containing increasing NaCl doses are presented in Fig. 5 . Both proline and anthocyanins contents increased significantly in leaves of plants growing in peat substrate with the addition of two highest doses of NaCl (2484-2992 mg dm -3 of substrate). The increase of these metabolites at both NaCl doses was similar as compared to control combination. However, it is worth mentioning that the level of proline increased only by 30 % but anthocyanins content increased about 2.5-fold in relation to the control. Different letters indicate significant differences between means (n = 6) at a = 0.05 The effect of increasing NaCl doses on chlorophyll fluorescence parameters are shown in Table 3 . The ratio of F v /F m changed from 0.830 in control plants to 0.822 in plants grown in substrate containing the highest salt dose. This reduction was statistically significant, which showed that the maximal photochemical activity (maximal quantum yield) of PSII was reduced only under conditions of the highest stress level. The efficiency of excitation capture by open PSII (F 0 v =F 0 m ) was increased in a pattern not dependable on sodium chloride dose. Indeed, a statistically significant increase was observed only in plants which were grown in peat substrate supplemented with 960 and 1976 mg of NaCl dm -3 . However, it should be noted that the described changes 
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Discussion
The results obtained confirm the significant effect of salinity on the growth of pelargonium, which was manifested by a gradual decrease of fresh matter accumulation of the aerial parts as well as a reduction of leaf area with the increasing concentration of sodium and chlorine ions in peat substrate. This stress factor at least contributed to the reduction of plant height. Inhibition of leaf growth upon salt stress is among others caused by the osmotic effect of salt in soil which influences the reduction of water supply to leaf cells and a decrease in turgor pressure (Munns and Tester 2008) . In the present study, we did not find a reduction in leaf RWC under the influence of any of the given NaCl doses, which indicates the absence of negative impact of salt stress on the hydration of cells. No differences in RWC among plants watered once a week with a solution containing from 0 to 2950 mg NaCl dm -3 was also found in calla lily (Veatch-Blohm et al. 2012 ions in leaves. In plants growing at high NaCl concentration, due to similarity between these ions, voltage-dependent K ? channels appear to be one of the pathways for the entry of Na ? ions to the root (Xiong and Zhu 2002; Tavakkoli et al. 2010) . Transport of Na ? and Cl -from the root to the aerial parts of plants and the accumulation in vacuoles can serve as a mean to lower water potential of cells and maintain balance (osmotic adjustment) between plant cells and low extracellular osmotic potential caused by salt, which may be responsible for turgor maintenance (Gaxiola et al. 2001; Xiong and Zhu 2002; Verslues et al. 2006) . In addition, the sequestration of these ions in the vacuole is considered an important mechanism of salinity tolerance (Roy et al. 2014) . The results presented here revealed a several-fold increase of Na ? and Cl -ions concentration in leaves of pelargonium growing in saline substrate. Bearing in mind that the decrease in the concentration of K ? ions was much smaller it can be assumed that turgor maintenance in leaves of salt-stressed pelargonium may be caused by the accumulation of Na ? and Cl
The results presented here show that visible reduction of leaf area in pelargonium was not caused by the decrease of RWC. Likewise, growth inhibition and no changes in turgor potential were also observed in leaves of long term salt stressed maize (Cramer and Bowman 1991) . Some authors have shown that growth restriction in leaves and roots of plants exposed to long and short term moderate salinity and drought stresses was caused by the decrease in cell wall Different letters indicate significant differences between means (n = 10) at a = 0.05 Table 3 Fluorescence parameters in leaves of pelargonium grown in the peat substrate supplemented with various NaCl doses NaCl (mg dm Different letters indicate significant differences between means (n = 24) at a = 0.05 extensibility (Neumann 1993; Chazen and Neumann 1994; Schultz and Matthews 1993) . So, the lack of relationships between salt stress induced reduction in leaf area and RWC revealed in our study shows that growth inhibition could be associated with the decrease of cell wall extensibility. Such changes in cell wall properties may have been a main reason of growth restriction in pelargonium exposed to NaCl doses, which inhibited growth without affecting PSII system. This may also indirectly indicate that Na ? and Cl -ions are mainly accumulated in the vacuole. However, from the correlation of Na ? and Cl -concentration in leaves with leaf area and fresh matter accumulation the negative impact of these ions on plant growth was revealed. So, the accumulation of Na ? and Cl -could also take place in cytoplasm and adversely affect cell metabolism. Growth reduction could be caused by the toxic effect of Na ? and Cl -ions which comprises disruption of stomatal regulation, chlorophyll degradation, reduction in the photosynthetic rate and other processes responsible for growth (Ashraf and Harris 2004; Mahajan and Tuteja 2005; Munns and Tester 2008; Tavakkoli et al. 2010; Cassaniti et al. 2012) . Growth reduction in saline irrigated calla lilies was caused by the inhibition of photosynthesis through the decrease of chloroplast pigments content and stomatal conductance as well as changes in chloroplast structure (Veatch-Blohm et al. 2012) . A gradual decrease in total chlorophyll content was revealed in leaves of tomato, red cabbage, potato, cucumber, cotton and barley exposed to increasing salt concentration (Stępień and Kłobus 2006; Eryilmaz 2006; Jamil et al. 2007; Meloni et al. 2003; Tavakkoli et al. 2011) . A significant decrease of chlorophyll level in leaves of pelargonium was noted in plants growing in substrate supplemented with three highest NaCl doses which had the greatest negative impact on growth. The decrease of chlorophyll content may lead to the destruction of chloroplast structure, causing instability of pigment protein complexes and damage of the PSII antenna system (Singh and Dubey 1995; Stępień and Kłobus 2006) . A considerable decrease in the efficiency of PSII (F v /F m ) accompanied by a decrease in chlorophyll content was observed in leaves of cucumber, radish and potato exposed to high NaCl doses (Stępień and Kłobus 2006; Jamil et al. 2007; Gururani et al. 2013) . The results presented here demonstrate a slight decrease in maximum quantum yield of PSII in plants grown at the highest salt dose, which, however, was lower than in the experiment cited above. (Jamil et al. 2007) . No negative effect of salt stress on maximum quantum yield of PSII and efficiency of excitation capture by open PSII in the halophytic plant Suaeda salsa is considered an important strategy to grow in very high saline soil (Lu et al. 2002) . On the other hand, the significant decrease in photochemical efficiency of PSII took place in salinized rice somaclonal lines which are highly susceptible to salinity (Rachoski et al. 2015) . Moreover, long term salt stress caused higher decrease of chlorophyll fluoresce parameters in salt-sensitive than salttolerant wheat cultivar which was also characterized by a greater content of glycinebetaine protecting photosystem complex against the harmful effect of stress (Khan et al. 2012) . In our opinion, a slight effect of salinity on maximum quantum yield of PSII and the lack of negative effect on the efficiency of excitation capture by open PSII in pelargonium leaves could be caused by the fact that the measurements were performed after 10 weeks of plant growth in saline substrate. During this period some adaptation of plants to those adverse stress conditions may have taken place. Positive impact on the protection of photosynthetic apparatus, especially at higher salinity levels could be caused by the accumulation of anthocyanins and proline, leading to osmotic adjustment (Chalker-Scott 1999; Carillo et al. 2011; Hayat et al. 2012) . Moreover, both proline and anthocyanins may protect plant cells from salt stress induced oxidative damage (Winkel-Shirley 2002; Banu et al. 2009; Verslues and Sharma 2010; Hayat et al. 2012) . In addition to alleviation of salt stress induced oxidative damages, anthocyanins could bind to the toxic ions and protect cytoplasmic structures and chloroplasts from their adverse effects on photosynthesis (Wahid and Ghazanfar 2006 ). An increase of anthocyanins levels was observed in leaves of Bellis perennis as well as in cotyledons and hypocotyl of tomato and red cabbage seedlings treated with various concentrations of NaCl (Eryilmaz 2006; Khavari-Nejad et al. 2008) . A salt tolerant sugarcane clone was characterized by a threefold higher anthocyanins level than a sensitive one (Wahid and Ghazanfar 2006) . It may be speculated that significant anthocyanins accumulation in leaves of pelargonium grown in substrate supplemented with high NaCl doses, little effect of this stress on maximum quantum yield of PSII, and no effect on the decrease of efficiency of energy excitation capture by open PSII indicate their participation in protection of the photosynthetic apparatus.
The beneficial role of proline in plant responses to salt stress has been observed in many experiments with transgenic plants having increased level of proline as well as in the study performed with exogenous proline application (Xiong and Zhu 2002; Mahajan and Tuteja 2005) . Mutant of Medicago truncatula that cannot synthesize proline showed higher sensitivity to salinity which was evidenced by decreased seedling growth and chlorophyll content (Nguyen et al. 2013) . Moreover, higher proline concentration was found in more salt-tolerant than salt-sensitive species (Ashraf and Harris 2004) . The genotypes of Brassica spp. showed a smaller decline in yield under salinity stress, accumulated a significantly higher proline level and were able to maintain higher RWC and membrane stability index (Chakraborty et al. 2012) . In the present study, we found no reduction in the level of RWC even in plants growing at high doses of salt in peat substrate, and the increased level of proline which may indicate its participation in osmotic adjustment. Proline accumulated under stress conditions may also act directly as a scavenger of reactive oxygen species as well as an inducer in gene expression of several antioxidative enzymes, and as a protectant of PSII (Yazici et al. 2007; Hossain and Fujita 2010; Szabados and Savouré 2010; De Carvalho et al. 2013; Filippou et al. 2014) . The results obtained in the present study may indicate participation of proline in the protection of the photosynthetic apparatus, which is evidenced by the increased level of this amino acid, slight reduction in maximal quantum yield of PSII and lack of reduction in the efficiency of excitation capture by open PSII in leaves of pelargonium growing at high salt concentration. The positive role of proline in alleviation of cadmium induced reduction of chlorophyll fluorescence parameters was shown in wheat (Iqbal et al. 2015) . Moreover, proline accumulation during osmopriming of rape seeds improved post-priming germination and seedlings performance under salt stress which was seen in the increase of chlorophyll fluorescence parameters (Kubala et al. 2015) .
In conclusion, this study supports the hypothesis that both antocyanins and proline may play a beneficial role in the tolerance of examined 'Survivor Dark Red' pelargonium to salt stress. These compounds may function as osmotic adjusters as well as scavengers of oxygen radicals protecting cytoplasmic structures and chloroplasts from adverse effects of toxic ions. In spite of the decrease in growth parameters no decrease in leaf water content, or signs of injury such as leaf browning and necrosis as well as a substantial decrease in maximal efficiency of PSII were observed. Salt concentration at which a 50 % reduction of fresh matter was observed is considered a threshold salinity level for a particular plant (Shannon and Grieve 1999; Wallender and Tanji 2012) . Based on growth response to salinity our data indicate that pelargonium may be considered a plant moderately tolerant to salinity. Three highest salinity levels (1976, 2484, 2992 mg NaCl dm -3 ) triggered the reduction of fresh matter from 50 to 65 %. The obtained results show that examined pelargonium cultivar can be recommended for cultivation in substrate and soil polluted with moderate NaCl doses (\1976 mg NaCl dm -3 ).
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